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In a recent paper Levine and Carpenter employed the change in viscosity and formol titration for detecting the gelatinolytic properties of bacteria. They observed that the viscosity (at 25°C.) of autoclaved gelatin when stored at 22°C. changed very little for a few days and then increased markedly. Gelatin inoculated with non-liquefying organisms acted in a similar manner. Proteolytic bacteria, on the other hand, rapidly decreased the viscosity of the medium. The proteolytic types fall into two groups with reference to their formol titration figures; in one group the formol titration increased slowly and did not reach a very high figure, in the other, the rise was very rapid and considerable.
The effect of the increase in viscosity of uninoculated gelatin on storage (or gelatin inoculated with non-proteolytic organisms) is to exaggerate the difference between the proteolytic and nonproteolytic organisms, so that as a qualitative test the change in viscosity at 25°C. may prove to be very convenient and delicate. For comparative purposes, however, it would be far more desirable if the gelatin medium could be manipulated so that its viscosity would remain constant when not proteolized.
It was the purpose of the following experiments to ascertain whether autoclaved gelatin, after storage at various temperatures for prolonged periods, could be treated so as to yield products of constant viscosity. To a flask containing 1000 cc. of distilled water at 4000. was added 20 grams of gelatin and the material set in an incubator at 410C. for four to five hours. This period appeared adequate for complete solution. The reaction was then adjusted to a point neutral to phenolphthalein with N/1 sodium hydroxide. Ten cubic centimeter portions were placed in tubes and sterilized in the autoclave at 15 pounds for fifteen minutes. When the tubes were again cool enough -to handle they were sealed in the flame, so as to eliminate changes due to evaporation. They suggested that if gelatin solutions be heated at 50°C. before making viscosity determinations, and that if the age of the solution be reckoned from the moment it cools to 38.030C., different workers may readily obtain checks on viscosity measurements. Their experiments extended over relatively short periods (generally not over eight hours and rarely as long as twenty-four hours) and were concerned only with unsterilized gelatin, so that their results are not applicable to bacteriological work without retesting under the conditions encountered in the bacteriological laboratory. The following experiments we believe demonstrate conclusively that sterilized gelatin may be rejuvenated by the method which they suggested even after several weeks of storage.
A 2 per cent gelatin solution, prepared as previously described in sealed tubes, was stored in the ice box at 10 to 120C. and in thermostats at 220C., 4100. and 6000. The 600C. series was not begun until after the gelatin had stood at 2200. for eleven days.
Before making viscosity detemiinations of the tubes stored at 1000. and 2200. they were heated in a water bath at 5000. for twenty minutes, then placed in a bath at 4000. and readings begun after ten minutes, which was found to be a more than ample interval for the gelatin to reach the desired temperature. The 4100. and 60°C. series were not pre-heated before making viscosity readings because these storage temperatures are above the gelation point of gelatin. The results which are given in tables 2 and 2a may be summarized as follows: 1. Autoclaved gelatin stored in sealed tubes for two to seventeen days at 100 or 2200. retains a constant viscosity when determined at 4000. after pre-heating at 500. for twenty minutes. Gelatin stored at temperatures below the gelation point may therefore be rejuvenated by heating.
2. The viscosity of gelatin (4000.) stored at 4100. remained constant for at least ten days. After fifteen days there was a distinct (although not considerable) decrease in viscosity. This is probably due to slow hydrolysis.
3. The viscosity of gelatin (at 4000.) stored at 600C. remained unchanged for twenty-four hours after which it slowly decreased. Four days storage at 6000. effected the same reduction in viscosity as was obtained in fifteen days at 410C.
3. On the rate of rejuvenation (by heating) of stored gelatin The viscosity of gelatin at 400C. was determined after rejuvenation by heating at various temperatures for five to forty minutes. Two series of gelatim tubes, stored in the ice box and the incubator, respectively, for forty-eight hours, were employed. The results, which are given in table 3, show that ten minutes at 40 to 550C. was ample for rejuvenation.
Viscosity of gelatin at various temperatures shortly after
heating for rejuvenation The viscosity of gelatin kept for different periods and at different temperatures was determined, after rejuvenation, at temperatures of 280, 300, 32.5 and 400C. to ascertain whether the viscosity at temperatures below the gelation point would be constant after rejuvenation.
Tube of gelatin prepared as previously described were stored in the ice box at 100 to 1200. for four days, then were placed in a 410 incubator for two hours. The tubes were then removed to a water bath at 2800. and viscosity at that temperature determined after thirty minutes. The time of discharge at 28°0. was onehundred and seventy five seconds.
Another set of tubes was stored at 260 for three days, then at 410 for one day, after which they were placed in a water bath at 280 for thirty minutes and the viscosity determined. The time of discharge at 28°C. was found to be one hundred and seventy seven seconds.
In another series of observations, two sets of gelatin tubes were stored for three days at 10°and 2600., respectively, then both sets were kept at 41°C. for three days, after which they were both placed in the ice box over night. The viscosity was then determined at 32.5°and both sets gave a discharge time of one hundred 26°C., the change in viscosity and formol titrations was ascertained. Viscosity readings were made at 400C., the gelatin first being heated at 500C. for twenty minutes. Formol titrations are expressed in terms of N/1 NaOH required for 100 cc. of the medium for neutralization after treatment with formaldehyde. The non-liquefying organism Bact. aerogenes showed no change in viscosity and practically no increase in the formol titration. With the other organisms studied, it is evident that the change in viscosity could be detected before there was any appreciable change in formol titration.
The Erythrobacillus prodigiosus almost completely liquefied the gelatin before the titration figure began to rise at all and this liquefaction was extremely rapid compared to the other organisms With respect to the formol titration, the liquefying organisms again fall into two groups; those in which the rise is rapid and considerable (E. prodigiosus) and those in which the increase is comparatively less marked.
Observations with thermophilic organisms
To ascertain whether the change in viscosity and formol titration may be utilized to detect proteolysis by thermophiles, the following experiment was performed.
The medium employed consisted of 10 per cent Difco gelatin and 0.1 per cent pepton (Difco) neutral to phenolphthalein. Twenty-five cubic centimeter portidns were placed in large test tubes and sterilized at 15 pounds for fifteen minutes. Four thermophilic organisms, isolated from soil and corn meal, were inoculated into a series of tubes and incubated at 550C. One tube of each organism was removed daily for four days for determination of viscosity, which was made at 550C., and formol titration. The results are shown in table 6. It is apparent from the table that at a temperature of 550C. gelatin is slowly hydrolized. Its relative viscosity was unchanged in two days but dropped from 12.1 to 11.4 on the third day and to 10.0 on the fourth day. The formol titration of uninoculated gelatin rose but very slightly, the increase being but 1 cc. in four days. All of the organisms employed were gelatin liquefiers. Here also it will be seen (if the change in viscosity and the increase in formol titration are compared) that gelatin liquefaction may be detected by observing the decrease, in viscosity, about twentyfour hours before there is any appreciable increase in the formol titration. After twenty-four hours incubation all tubes solidified on storage over night at 220C., whereas the viscosity in the inoculated cultures had decreased considerably so that the measurement of change in viscosity is much more delicate than the old method of ascertining whether the medium would solidify on cooling. The change in viscosity and formol titration is applicable to the study of gelatin decomposition by thermophiles. by preheating the gelatin at 50°C. before making the viscosity reading.
Gelatin stored at 4100. retains a constant viscosity at that temperature for at least ten days, after which it decreases slowly.
The viscosity of gelatin at temperatures below the gelatin point is rendered sufficiently constant for bacteriological work by preheating the gelatin at 41 to 50°C.
The changes in viscosity and fonnol titration were found convenient methods for detecting proteolysis by mesophilic and thermophilic bacteria.
